Abstract: BAYANAL code in geotechnical design based on Eurocode 7. Geotechnical problems that are characterized by a high degree of complexity and uncertainty with respect to the input data are solved recently, using the Bayesian analysis (for instance the problem of a cautious estimation of the geotechnical characteristic parameters according to the Eurocode 7 requirements). The applicability of the Bayesian approach to geotechnics via a simple examples related to determination of characteristic values of geotechnical parameters for design structures is in the paper addressed. In order to select the characteristic parameters for the geotechnical design a new numerical code called BAYANAL was developed. Example of applying the BAYANAL code to analyse the DMT tests demonstrates that it is a powerful and promising tool in evaluation of ground properties and geotechnical parameters.
INTRODUCTION
In geotechnical design with respect to rules and principles of Eurocode 7 (EN 1997-1, 2) the selection of geotechnical actions and resistances, particularly characteristic material parameters, is considered as a crucial process creating the diffi culties for designers. EN 1997-1 defi nes the characteristic value as being selected "as a cautious estimate of the value affecting the occurrence of the limit state" (Frank et al. 2004; Pieczyrak 2009; Schuppener et al. 2009; Wysokiński et al. 2011) . For selecting characteristic values of geotechnical parameters the statistical methods are commonly recommended. Deduction in the classic mathematical statistics is based on a random sample drawn from the population. In an alternative approach, derived from the Bayes' theorem (Alén 1998; Alén and Sällfors 1999; Uzielli 2008) , deduction can be based not only on a random sample but also on so-called a priori information. A posteriori information is generated from these two sets of data. A priori knowledge may be so--called expert knowledge, it may derive from earlier investigation from which results are known but not all data set. The knowledge's character does not allow us to take advantage of it in the classic approach. Bayesian approach should be used then. If the same data can be used in the both cases, classic and Bayesian analysis would give similar conclusions. Population's parameters to be estimated, e.g. parameter θ (mean, standard deviation, specifi ed type elements' fraction), are treated differently in the both cases. In the classic approach the parameters' values are particular though not known. If we are dealing with a homogeneous medium (ground), to determine the characteristic values of geotechnical parameters (X k ) the Student's t-95 percent confi dence level can be used according to the formula:
where: X m -average of soil parameter, k n -statistical factor, V x -coeffi cient of variation. Schneider (1990 Schneider ( , 1997 Schneider ( , 2010 ) and Schneider and Fitze (2009) proposed to assume k n = 0.5, it means one half a standard deviation below the mean value. The procedure for determination of characteristic value is presented in Figure 1 , where n is the number of samples, and x i -parameters in a homogeneous layer.
In the present paper Bayesian analysis has been adapted for a case, when a not known θ parameter distribution is to be estimated and θ is the mean in a normal population, however the population standard deviation -σ 0 is known. It is derived from the prior knowledge that the mean θ is a normal random variable with parameters m 1 and σ 1 . If in turn the average of the n-sample drawn from the population is equal to m 2 , a posteriori distribution of the random variable θ is also normal, with the mean m and the standard deviation -σ, calculated as follows:
The presented Bayes' theorem gives a valuable practical possibility of successive including of new information, coming from consecutively drawn random samples. On a consecutive step, the knowledge about a posteriori θ parameter's distribution is treated as a priori knowledge of this parameter. An order of including new portions of information does not affect a fi nal result.
The paper addresses the applicability of the Bayesian approach to determine a characteristic parameters of boulder clays in geotechnical design of the SGGW Campus in Warsaw. The selection of the geotechnical characteristic parameters was carried out using the new numerical code called BAYANAL. Overview of BAYANAL code, its assumption and requirement and procedure of statistical analysis had been presented. Finally, the code application in design calculation were described. The BAYANAL code will be helpful in designing and therefore should be recommended to apply in geotechnical practice.
OVERVIEW OF BAYANAL CODE

Assumptions and requirement
The basic assumptions and requirements for the BAYANAL code application are as follows:
full integration with Excel 2003 (or higher) operating in a Windows environment, intuitive graphical interface, the ability to automatically test of the null hypothesis ("H 0") on the normal random variable on the basis of individual tests samples, the greatest possible independence of the application code from the source data, no interference in the source data, easy application of code to different PC computer, independence from the schedule of input data in fi les and sheets, a fl exible way to select and selecting data to be analyzed, the ability to work as interactive and automatic, generating detailed reports from the analyzes.
• Offi ce Object Library version 11.0). Application forms/dialog boxes with a comprehensive description of the buttons and functions associated with them, depending on the context and the currently executed thread in the application, provided a clear and intuitive graphical interface. All calculations required to perform the analyzes are conducted by the formula written on a permanent basis to work spreadsheet (invisible to the user). All input data required for the calculation of the iteration is copied to that worksheet to complete separation of data sources and applications.
Automated testing the hypothesis ("H 0") for each sampling requires the integration of this functionality in Excel. Excel does not implement the so-called Shapiro-Wilk test (the test best suited to situations where attempts may be small). Therefore in reality there are two possible solutions:
connect to the application fi nished implementing this functionality added, table list of coeffi cients for the Shapiro-Wilk test, adding tables to the application for an additional worksheet and calculate the test result using the array and the standard designs. The fi rst solution has been chosen because of its easier implementation and the ability to achieve much higher accuracy than the tabulation values and the approximation ones in Excel spreadsheet.
• • The application is integrated add-in for Excel for free license for non-commercial use. It is called PopTools and downloads from the website. Other requirements are achieved through the implementation of the application to the algorithm presented in the following chapter.
Procedure of statistical analysis
The procedure in BAYANAL code consists of:
Step 1: provide initial data by the user, including the ability to select automatic operation, specify the fi le(s) to the data by the user (standard window opening set), open of the fi rst fi le, activate the fi rst sheet.
Step 2: identify (or waiting indication) data to analyze the parameters of initial, analyse of the data indicated, any error handling specifi ed data range, construct of the Shapiro-Wilk test for a random sample indicated, the term action in the event of non-compliance with the Shapiro-Wilk.
Step 3: go to the next test/sheet/fi le in interactive mode or automatic, transit to the report generated by the resignation of the opening of the next set of statistical analysis ("Cancel" button in the dialog box to open fi les), close the source fi les (with the option: "skip shift") and the creation of the report.
User manual
The main sheet of the BAYANAL code is the sheet "Start" (Field 1 -P1) as Figure 2 . Data for the analysis must be typed in Excel cell sheets as numbers. The data can be organized into one or more fi les. Every fi le can consist one or more data sheets. Data fi les can be input to the program sequentially or several times. However, in case of several time procedures it is not possible to control the order of opening and analyzing the data from different fi les; the fi les are opened in the order imposed by Windows. The data on the other sheets are always evaluated in the order of their entry in the workbook. After the start of the analysis it is not possible to change the order of analysis sheets or return to previously analyzed data. Identifi cation of cells containing one test of a random variable can be done automatically or manually. Automatic selection of data from one sample can be made when they are stored in a default format: "There is only one sample of a random variable on a sheet". A random sample of data are stored in a single column. Headline random data is analyzed cell with the name of the parameter. Termination of the analysis is done by pressing "Cancel" button in the dialog box for opening fi les. The BAYANAL code also includes reports previously performed statistical analyzes constituting of one sheet (P2). The names of these sheets are created automatically according to the scheme: "analyzed parameter name" and "date" (no year), and "time" of the analysis and formatted as shown in the P2. Sheets reports of the analyzes can move, copy and delete according to standard Excel commands. The work begins with an application of the button P3.
PROGRAM APPLICATION
In Table 1 an example of a statistical analysis report for the three samples contained in two fi les is shown, one and two samples on separate sheets (one sheet of 1 sample in the fi rst fi le, the second sheet of the two tests in a second fi le). Example of a Bayesian data analysis conducted is presented in Table 2 . The report is supplemented with charts placed in a coordinate system (Fig. 3) . The results of the analysis are illustrated by three curves that show the relationship between the mean values and confi dence intervals/reliability of estimates of a classical analysis. Moreover, the curves illustrated not only the last test from classical analysis but also result of Bayesian analysis based on all attempts. The ranges of values for x and y axis are set automatically based on data obtained from the analysis. Graphs are placed on the same sheet as the resulting report. Sample charts for the above-described analysis are shown in Figure 3 .
CONCLUSION
To determine the characteristic values of geotechnical parameters cautious use of statistical methods can be recommended. In current practice to determine the average value, standard deviation value with the required confi dence level (e.g. 95%) assumes a fi nite set of values derived from geotechnical parameters population. To determine the characteristic values, particularly strength and deformation of soils, it is proposed to use Bayesian analysis, in which there is pos- 
where:
x -result of the test (the value of the geotechnical parameters), θ -estimated parameter of the population, while θ i are all possible parameter values θ, after which the sum in the denominator runs. The assignment of conditional probabilities P (x|θ i ) for all possible values of the unknown parameter θ is called the reliability function. Having therefore the result of observations of x and knowing the likelihood function (for the observed result of x, but not for all possible observations!) as well as knowing a priori probability P(θ i ) of adaption by the parameter θ of the possible values -you can calculate the a posteriori probability of adapting a specifi c value for this parameter. Thus you can designate a posteriori probability distribution of this parameter. Bayesian method is preferred when you want to include an objective a priori information about the parameter. You cannot use the classical approach, where only analyzed a random sample taken. It is also preferred the use of Bayesian approach, when we gradually turn to the analysis of a new data set (the idea of observation methods), for example, it can help you in choosing the number of probes required to obtain a satisfactory precision of the data. The analysis attempts do not need to dispose of a full knowledge of the samples, from which a priori information can be chosen. BAY-ANAL package can be widely used in geotechnical design practice in Poland in order to select a reliable geotechnical parameters for the design of safe buildings. 
